Improving photosynthetic efficiency has long been a focus of plant breeding and is an obvious target for plant biotechnology. Accordingly, there are many ongoing efforts towards this goal, e.g., to improve the efficiency of RubisCO, to introduce CO 2 -concentrating mechanisms, or to bypass photorespiration (reviewed by Erb and Zarzycki, 2016) . How about an approach based on plant anatomy? Could leaves with more cells and therefore more chloroplasts be more photosynthetically efficient? In the highlighted paper (Lehmeier et al., 2017) , the groups of Andy Fleming and Sacha Mooney tried this approach. They altered the number of cells in Arabidopsis leaves by manipulating cell cycle gene expression, used X-ray microcomputed tomography (microCT) to measure air spaces in the leaves, and then measured the photosynthetic capacity of these leaves.
Anyone who has watched a television medical drama will be familiar with CAT (computerized axial tomography) scans. microCT has mostly industrial applications: for detecting manufacturing flaws and even for detecting stress fractures, for example, in components of a Formula One car after a race is over. Andy Fleming is a developmental biologist and Sacha Mooney is a soil scientist. How did their collaboration come about? When Andy moved from ETH-Zurich to the Univ. of Sheffield about 12 years ago, and many of his new colleagues were plant physiologists, he became interested in adapting his developmental biology focus to more applied problems. The University of Nottingham had a microCT facility (www.nottingham.ac. uk/microct) that Sacha had used to analyze soil samples; microCT is essentially a 3D camera that allows you to look inside an object. The images you get are based on the material's density, so anything with a range of different densities inside can be clearly imaged. Although Sheffield and Nottingham are only about an hour apart, they credit Malcolm Bennett at Nottingham and Julie Scholes at Sheffield for getting them in the same room: during this meeting Andy asked if microCT could be used to image leaves. Although not tried before by the Nottingham team, the first scan showed that it could, and thus they were on their way . The three first authors (equal contributions) illustrate the cooperation between the two groups; Christoph and Marjorie are plant physiologists who carried out the gas exchange and other physiological analyses and Radek, whose previous project was imaging the impact of fungi and bacteria on the pore networks in soil, was the microCT imaging expert. As Figure 1 shows, microCT shows aspects of leaf structure that are visually compelling, and the associated computational tools make it easy to quantify parameters that are tedious, or indeed impossible, to calculate from 2-D sections.
Their goal was to manipulate the number of cells in a leaf and then determine how these manipulations affected the airspaces. It was previously shown that overexpressing KRP1 (KIP-related protein1) leads to larger cells (e.g., Verkest et al., 2005) and that suppressing RBR1 (retinoblastoma-related protein1) expression reduced cell size (Wildwater et al., 2005) . Indeed, their group had previously suppressed RBR1 expression and used microCT to analyze the resulting leaves (Dorca-Fornell et al., 2013) , but the promoter used in that case was too widely expressed and so data interpretation was complicated. In Lehmeier et al. (2017) they collaborated with Arp Schnitzer and his postdoc Daniel Bouyer, to use cell-specific promoters to drive expression of the KRP1 and RBR1 constructs in particular parts of the leaf. For example, the CA1 (carbonic anhydrase 1) promoter drives expression only in mesophyll cells, and the ATML1 (Arabidopsis thaliana meristem layer1) promoter drives expression in the epidermis. This allowed them to target altered cell size and packing in the leaf and study the outcome.
Their physiological measurements, including measures of light absorption by the leaf, which were carried out by Adam Green, showed that increasing the number of mesophyll cells did increase photosynthetic capacity. If so, why not have a solid brick of cells -why does a leaf bother to have air spaces? Andy offered an analogy: roads needed by an industrial complex to get raw materials to the factory, and subsequently to deliver what they have produced. In the leaf, there are hundreds of small factories (chloroplasts), each of them grouped in small industrial complexes (the cells). How many and how big should the roads (air spaces) be to get the raw material (carbon dioxide) to the factory? How many road junctions do you need? How much flexibility do you need in the road network in case there are breakdowns?
Plant biologists know what "standard" eudicot leaf anatomy looks like, i.e. distinct palisade and spongy mesophyll layers, but how important are these for efficient photosynthesis? What would a "perfect" leaf look like? Given rising CO 2 levels, what will a "perfect" leaf look like in 50 years? How much can this approach be pushed? It is important to balance the surface area needed for gas and water vapor diffusion and for photosynthesis and transpiration, so there must be limits. Lastly, Arabidopsis is a great model, but how about crops? They have been able to apply microCT imaging to the leaves of other species and are now collaborating with computational biologists to construct a 3D model of photosynthesis in rice, seeding simulations of photosynthetic biochemistry into real cellular architectures to discover how leaf form informs photosynthetic function.
